Vaginal lubricants are commonly utilized to facilitate more comfortable and enjoyable intercourse. The impact of these lubricants on fertility is unclear. The aim of this review is to summarize the current in-vitro and clinical data pertaining to lubricants' effect on natural conception.
INTRODUCTION
The use of vaginal lubricants to facilitate and enhance sexual intercourse is commonplace. It is estimated that 62% of women in the United States have used a lubricant during intercourse and 25.3% endorse regular use [1] . Up to 40% of women experience dyspareunia [2] , and vaginal lubricants can decrease the associated friction and pain. In-vitro studies indicate that many commonly used lubricants negatively affect sperm [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] . These studies prompted the American Society of Reproductive Medicine to encourage physicians to discuss lubricant choice with those attempting to conceive naturally [14 & ]. However, a recent prospective study failed to support the inference that vaginal lubricants decrease fecundity [15 && ]. This review serves to investigate the effect of vaginal lubricants on natural fertility.
PHYSIOLOGY OF NATURAL LUBRICATION
The estrogenized vaginal mucosa of reproductive aged women is generally a moist environment; however, this moisture is not sufficient for lubrication during sexual intercourse. The vagina and labia majora produce additional natural lubrication during sexual arousal. Arousal initiates the neuronal release of nitric oxide and vasoactive intestinal peptide, resulting in arterial vasodilation in the vagina, labia, and clitoris [16] . Increased blood flow to the vagina and recruitment of additional capillaries because of a low sympathetic tone causes a localized vasocongestion and engorgement of the vaginal wall [17] . Pressure caused by vascular congestion forces plasma out of the capillaries and into the interstitial space. The interstitial fluid diffuses across the epithelium forming droplets on the vaginal mucosal, eventually coalescing to form a lubricative film lining the vagina [18] .
Unlike the secretions from the female reproductive tract, the secretions from the penis do not play a large role in natural sexual lubrication. During the arousal phase, men secrete a small amount (several drops to 1 ml) of lubricant from the Cowper's glands. This clear glycoprotein-rich secretion both lubricates and alkalinizes the male urethra prior to
NEED FOR SUPPLEMENTAL LUBRICATION
Although the secretions from the female reproductive tract are sufficient lubrication for the majority, a significant minority of couples use personal lubricants to supplement natural lubrication. In a survey of 2056 women between the age of 18 and 60, 62.0% claimed to have used a vaginal lubricant at least once and 25.3% had used a vaginal lubricant within the last month [1] .
Vaginal lubricants are often used to facilitate and enhance penile-vaginal intercourse, and are recommended as a means to promote vaginal wetness [20] . A prospective daily diary study of 2453 women who were provided lubricants in a blinded fashion provided important information on lubricant utilization and need. When women were asked why they used vaginal lubricants, 70.9% responded it made sex more pleasurable, whereas 53.9% stated they did not make enough natural lubricant, and 24.8% felt sex was uncomfortable without lubricant [21] .
The prevalence of dyspareunia in a reproductive age population (18-45 years) is 46% [2] . Lubricants are highly effective for such couples. A study by Herbenick et al. [21] showed that symptoms of vaginal discomfort and insertional pain are less common among couples who use a waterbased lubricant compared with those who did not use a lubricant (3.1 and 2.8% vs. 8.9 and 6.5%, respectively). In addition, water-based or siliconbased lubricants significantly increased sexual pleasure and sexual satisfaction scores compared with nonuse. As a result of the utility of vaginal lubricants in facilitating more painless and enjoyable intercourse and the success of marketing strategies, personal lubricants have developed into a $219 million a year market in the United States [22] .
FORMULATIONS
Multiple formulations of personal lubricants are available and can be purchased over the counter. Lubricants used for vaginal intercourse can be separated into categories: petroleum based (petroleum jelly and mineral oil), natural oils (olive oil and canola oil), water-based containing glycerin (KY Jelly and Astroglide), water-based free of glycerin (Surgilube), and silicone lubricants [23] . Lubricants formulated to mimic the pH and osmolality of semen (Pre-Seed, ConceivEase, and Conceive Plus) have been developed and marketed to couples attempting to conceive.
IN-VITRO STUDIES
Multiple in-vitro studies have been conducted to investigate the effects of vaginal lubricants on sperm function (Table 1 ) [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] . Tagatz et al. [3] conducted the first of these studies in 1972. In this experiment, liquefied semen samples from donors were added to test tubes coated with KY Jelly (glycerin based) or Surgilube (glycerin free) and an uncoated control tube. The specimens were then incubated at 378C and evaluated for motility at 15 and 30 min. There was no significant decrease in the motility or viability of the control samples at either time point, but in those tubes treated with either KY Jelly or Surgilube there were no motile sperm at 15 min and no viable sperm by 30 min. Since this classic study, others have performed similar in-vitro experiments evaluating the impact of specific lubricants on sperm function.
Water-based lubricants
Many of the most popular vaginal lubricants (KY Jelly, Astroglide, and Replens) are water based and contain glycerin. Multiple studies investigate the effect of these lubricants on sperm parameters [3, 4, 6, [8] [9] [10] [11] [12] [13] . Goldenberg and White [4] used a similar study design as Tagatz et al. to evaluate sperm motility, exposing semen to 15 different lubricants including three water-based agents containing glycerin (KY Jelly, HR Jelly, and Lubifax). In this experiment, the water-based lubricants that contained glycerin were spermicidal after a 30-min exposure. Five additional in-vitro studies evaluated water-based lubricants containing glycerin and found them to be spermicidal in a dose-dependent manner [9, 10, 12, 13, 24] . However, a single study produced differing results, finding no decrease in sperm motility at 15 or 120 min using KY Jelly at concentrations of 2.5 and 5%. Titration of KY Jelly to a 10% concentration produced a small but significant decrease in motility [6] .
KEY POINTS
Up to a quarter of women use vaginal lubricants during sexual intercourse.
In-vitro studies indicate many popular lubricants have negative effects on sperm motility and viability.
Clinical data do not indicate decreased fecundity in lubricant users.
Further clinical studies are needed to determine the effect of lubricant use on fertility. Interestingly, in Goldenberg and White's study [4] , semen incubated with pure glycerin, the presumed harmful substance in water-based lubricants, exhibited only a small decrease in sperm motility. However, the effects of pure glycerin were also studied by Tulandi and McInnes [7] , who observed an immediate and dramatic decrease in sperm motility with pure glycerin concentrations of 16.7%. In addition, glycerin concentrations as low as 2% resulted in a significant decrease in sperm motility at 30 min when compared with untreated controls (71.5 vs. 65.0%, P < 0.05).
Water-based lubricants free of glycerin (Surgilube, FemGlide, and PDI lubricating jelly) have also been evaluated. Three studies indicated glycerinefree lubricants also impair sperm motility and viability [3, 4, 12] . A study by Schoeman and Tyler [6] suggested that the toxicity was dose dependent; sperm motility was not affected until glycerin-free lubricant concentration reached 10%. These findings suggest that glycerin is not singularly responsible for the sperm toxicity noted when semen is incubated with lubricants in an in-vitro setting.
Natural lubricants
As a result of their viscosity and availability, natural plant oils have been used for centuries as a vaginal lubricant. In-vitro assays to determine the effects on sperm motility and viability have been conducted on vegetable, olive, safflower, peanut, and canola oil [4, 10, 11] . Olive oil moderately decreased sperm motility in one study on a subjective scale from 4þ to 2þ [4] , which was consistent with an approximately 30% decrease in motility after 30 min seen in a second study [10] . In a third study, when semen was incubated with olive oil, a 91% decrease in motility was observed at 30 min with an olive oil concentration of 12.5%, and a 41% decrease when the concentration was 6.25% [11] .
Other plant oils may not negatively impact sperm motility. Kutteh et al. [10] showed canola oil to have no detrimental effects on sperm motility or viability compared to controls. Vegetable, peanut, and safflower oil only slightly decrease subjective motility scores [4] . These data would suggest that such plant oils are not toxic to sperm.
In-vitro studies suggest that saliva is toxic to sperm. Human saliva significantly decreases sperm motility after incubation for 30 min at concentrations as low as 10% (control: 69 AE 1.8%, saliva: 58.7 AE 2.3%, P < 0.001) [5] . Although statistically significant, such changes are likely to have little clinical impact. A second study, using washed sperm, found saliva to be the most toxic of all lubricants when compared with olive oil, baby oil, and KY Jelly, with a 95% reduction in motility after incubation with a 12.5% solution for 15 min [11] .
Raw egg whites have been suggested as a vaginal lubricant in couples attempting pregnancy [25] . Incubation of sperm with 16.7% egg whites for 1 h had no effect on motility or forward progression [7] . The authors of this study do acknowledge the use of egg whites as a vaginal lubricant does have potential deleterious effects, including allergic reaction, foreign protein absorption, and infection.
Petroleum-based lubricants
Petroleum-based lubricants include petroleum jelly (Vaseline) and mineral oils (a-Keri Oil and Johnson & Johnson Baby Oil) [4, 11] . Data on petroleum-based lubricants are conflicting. Petroleum jelly (Vaseline) was found to only mildly affect sperm motility at 15 min of incubation (a decrease of 4þ to 3-4þ) and moderately affect motility at 2 h (a decrease of 4þ to 2-3þ). a-Keri Oil had profound spermicidal effects at 15 min [4] . However, Johnson & Johnson Baby Oil, another mineral oil, did not negatively impact sperm motility at a concentration of 12.5% when incubated for 30 min [11] .
Ultrasound gel
Ultrasound gel is frequently used on infertile women undergoing fertility treatment to lubricate the transvaginal ultrasound probe. When incubating washed sperm with different concentrations of Aquasonic Gel from 0.83 to 8.3%, no decrease in sperm motility was observed at 1 h; however, a 46% decrease in sperm motility was seen after incubation for 24 h compared with controls [13] . In this experiment, Aquasonic ultrasound gel performed similar to Felis, a water-based, glycerine-containing lubricant. [26, 27] . An abstract presented at the 2009 Annual Meeting of the American Society for Reproductive Medicine indicated Conceive Plus had no impact on sperm motility for up to 24 h compared to controls [28] . No peer-reviewed articles on ConceivEase or Conceive Plus could be found at the time of this review.
'Sperm-safe' lubricants

CLINICAL STUDIES
Despite the many in-vitro studies described above, little clinical information is available on the effect of vaginal lubricants on natural conception. A single, prospective, time-to-pregnancy cohort study examined the impact of vaginal lubricants on fecundity [15 && ]. Women (n ¼ 296) aged 30-44 years without a history of infertility who were early in their attempts to conceive completed daily research diaries with questions specific to vaginal lubricants. On the basis of daily diaries, 29% of women occasionally used lubricants and 14% frequently used lubricants during their attempts to conceive. The most common lubricant used was KY Jelly (44%) followed by Astroglide (20%), both of which are water-based, glycerine-containing lubricants known to decrease sperm motility in vitro. Nine percent of women used Pre-Seed, which does not decrease sperm motility in vitro and is marketed as sperm safe.
Contrary to the implications of in-vitro studies, women who used lubricants during their fertile days had a similar fecundity to those who did not use a lubricant [odds ratio (OR) 1.05, 95% confidence interval (CI) 0.59-1.85]. A sensitivity analysis was performed, in which Pre-Seed users were reclassified as nonlubricant users. In this analysis, the OR (lubricant users vs. nonusers or Pre-Seed users) for pregnancy was 1.14. These results suggest that 'sperm-safe' lubricants do not improve the chances of pregnancy over other lubricants [15 && ]. Randomized trials have not been conducted comparing Pre-Seed to other lubricants with pregnancy as the outcome.
UNRESOLVED QUESTIONS
A discrepancy exists between the in-vitro and invivo findings. In-vitro studies suggest vaginal lubricants negatively impact sperm motility and viability. However, when these same lubricants are used during intercourse in the fertile window, they have little impact on natural fecundity. Possible explanations for this discrepancy exist.
First, it is possible that the in-vitro models fail to mimic the conditions present during intercourse. In the majority of studies, liquefied semen samples or washed sperm were incubated with lubricants from 1 min to 24 h, with the majority of studies investigating time points of 15 min to 1 h. During vaginal intercourse, the ejaculate forms an gel with an alkaline pH (>7.2) [29] that serves to protect the sperm from the acidic environment of the vagina (normal pH of a premenopausal vagina is 4.0-4.5) [30] . Sperm is then liquefied within 20-30 min by the enzymes that are derived from the prostate gland. As a result of the acidic environment of the vagina and limited buffering capacity of semen and vaginal mucus, the majority of sperm that remain in the vagina are immobilized within 2 h. Fortunately, when semen is deposited into the vagina during the act of intercourse, the uptake of sperm into the cervical mucus is rapid. Sperms are found in the cervical mucus within 90 s of ejaculation [31] . Further, human sperms are found in the fallopian tube 5 min after insemination at the external cervical os [32] . Cervical mucus likely plays an important role in conception after natural intercourse. Cervical mucus acts both as a reservoir, holding a relatively constant concentration of sperm for up to 24 h [33] , and as a filter for sperm passage [34] . In addition, cervical mucus has an alkaline pH (fertile window pH $7.4) [35] that is similar to that of semen, offering a further protective buffer from the acidic vagina. In-vitro studies to date have not taken into consideration the natural physiologic environment present in the vagina during intercourse and have only studied liquefied semen or washed sperm, never the gelatinous semen that is deposited in the vagina during intercourse. Inability to recreate the natural environment is a major drawback to the in-vitro studies that have been performed to date.
Alternatively, it is possible the majority of the lubricant may be deposited at the introitus and lower one-third of the vagina during vaginal intercourse, resulting in low concentration of lubricant in the upper vagina, where the majority of sperm is deposited. We are not aware of studies that determine the average concentration of lubricant found in the upper vagina during vaginal intercourse. In-vitro studies have indicated the effect of lubricant on sperm motility is related to both lubricant concentration and exposure time.
It is also possible that certain lubricants do decrease sperm motility and viability in vivo, but these lubricants allow for comfortable and more enjoyable intercourse in those with dyspareunia. The use of vaginal lubricants could, therefore, allow for more acts of intercourse, overcoming any possible toxic effects [15 && ]. A proposed argument against the use of traditional vaginal lubricants is they change the pH and osmolality of semen, therefore acting as a spermicide [10] [11] [12] . Others have noted the in-vitro spermicidal effect of some vaginal lubricants is present, irrespective of the large changes in the pH or osmolality, and may be because of a direct toxic effect of certain lubricants [13] . To devise a model that will accurately mimic the intravaginal environment, taking into account vaginal secretions, cervical mucus, and the appropriate concentration of vaginal lubricants, is extremely difficult. A clinical trial of lubricants with pregnancy as the outcome would provide the definitive answer. Given the recent data from a prospective trial [15 && ], suggesting no adverse effect of lubricants on natural fecundity, the undertaking of this clinical trial would be an ethical endeavor.
CONCLUSION
Vaginal lubricants are commonly used by couples trying to conceive. The effect of vaginal lubricants on natural fertility is still unclear because of conflicting laboratory and clinical data. A randomized controlled trial is, therefore, needed to evaluate the impact of vaginal lubricants on natural fecundity.
